Introduction
For the morphological classification of cell types in the anterior hypophysis of different vertebrates, cytological studies have been undertaken by many investigators, (S chOnemann 1892, Yamada '37a and '37b , Dawson and Friedgood '38, Romeis '40, Dawson '46, Goldberg and Chaikof f '52 and others) and it is believed, in a broad sense, that parenchymatous cells of the anterior hypophysis are composed of three cell types (acidophile, basophile and chromophobe cells). Herewith, many investigations have been attempted to identify a specific type of cell in the hypophysis associated with hormone production. On the basis of morphological studies with pathologic materials and various experimental studies, it has been established that growth promoting hormone is produced by acidophile cells.
Although the fact that basophile cells of the anterior hypophysis are responsible for elaboration of gonadotropin and thyrotropin as confirmed by P u r v e s and G r i e s b a c h ('51a and '51b) , there is still no agreement concerning pituitary cell type associated with corticotropin secretion. Cytological changes occurring in the anterior hypophysis of non-specifically stressed animals have been extensively investigated by many workers for the purpose of determining the cellular source of corticotropin or other hormones. Chronic exposure of animals to non-specific stress induce a condition in which various hormones in the anterior hypophysis are changed in quantity.
And each type of cell of the anterior hypophysis showed a different response to the stress in accordance with changes occurring in various endocrine glands. (Baillif '38, 209 210 Kazuro Fujino Selye '47 and '50, Knigge '55, Sano'56 and McMany Jr '57) . S el ye ('36, '37, '39 and '40) described that atrophy of sexorgans takes place as part of the " general adaptation syndrome " and that in animals exposed to stress for a long time their thyroid glands fall into hypofunction. Dempsey and Sear les ('43) have proved this hypothesis.
Exposure of animals to high environmental temperature is considered to be a kind of non-specific stress.
This stress employed in the present work would stimulate the pituitary-adrenal , pituitarythyroidal and pituitary-gonadal axes. On the basis of this concept the present experiment was attempted to investigate the cytological changes in the anterior hypophysis of the mouse under exposure to high environmental temperature.
Materials and Methods
Eighty-three mature mice between 61 and 130 days of age were used in this work.
They were divided into two groups , namely experimental group and normal control group . Seventy-six of them were exposed to high temperature ranging from 34°C to 38°C for periods of one to 65 days.
They were placed in an incubator in groups of 8 to 9 animals per cage. On the other hand, as normal controls 7 mice were maintained at a constant temperature of about 23°C. These experimental animals were given food and water ad libitum as in normal control animals.
Three to five of each were sacrificed on days 1, 2, 3, 4, 5, 7, 9, 12, 13, 16, 18, 20, 25, 30, 35 , 40, 45, 46, 50, 55, 60 and 65 of the experiment.
Mice were killed under chloroform anesthesia. The pituitary obtained was fixed with Z e n k e r-formol, embedded in paraffin and sectioned serially in the sagittal plane at 4 micra.
Hematoxylin-eosin and He i d e n h a i n's azan stains, the periodic acid Schiff reaction and G o m o r is aldehyde fuchsin stain were employed.
Observations
Normal Control Group I. Acidophile Cell (Fig. 1) .
Acidophiles are more abundantly found in the lateral portion of the anterior lobe than in the middle, so that these cells are not equally distributed throughout the lobe. With suitable stains cytoplasmic granules can be demonstrated in chromophiles of the anterior lobe.
About 51% of them are acidophiles. Acidophiles contain cytoplasmic granules which are selectively stained with eosin, azocarmin, orange-G, acidfuchsin and so on. The cells are variable in size ranging from 5 to 9 At in diameter and their nuclei 3 to 6 ji. Because of their variable size they can be divided into three groups, namely small, medium sized and large acidophiles.
The medium sized cells are not numerous and the large ones least.
The cell boundary of acidophiles is not so indistinct as that of chromophobes, and acidophiles are round or oval in shape, but medium sized ones are frequently polygonal and elongated, especially when they are lying in groups along sinusoids. Generally the round or oval nuclei are situated centrally in the cytoplasm of the small cells but eccentrically in medium sized ones. The nuclei of the medium sized cells containing a prominent acidophilic nucleoulus and coarse chromatin particles are light vesicular when compared with those of the small cells. This is due to the chromatinnetwork of the medium sized cells being relatively more rough than that of the small ones.
The nuclei of the large acidophiles are generally lighter than those of the others.
The nuclear membrane of all acidophiles is strained in general.
In the medium sized and large acidophiles, the present author could observe the " negative image"
of Golgi-apparatus in which corpuscles stain faintly blue with aniline blue.
And the perinuclear " halo " devoid of cytoplasmic granules was also found in the medium sized and large acidophiles.
The cytoplasmic granules of the medium sized cells being somewhat fine, brilliantly acidophilic and spherical are distributed more coarsely than those of the small ones.
Although the cytoplasmic granules are densely distributed throughout the cell body, they are abundant in the peripheral portion and the perinuclear region of the cytoplasm in medium sized and large ones.
In addition, acidophiles which have irregularly shaped cytoplasm staining very deeply red with eosin or azocarmine are rarely observed.
Mitotic figures of acidophiles also appear occasionally.
II. Basophile Cell Basophiles, which are least in number of all anterior pituitary cells (about 9%), are mainly concentrated in the area adjacent to the intermediate lobe especially at the anterior edge which is called the " sex-zone ". They are also abundant in the central portion of the anterior lobe.
Basophiles have been divided into two types from their histochemical characteristics by Halm i, and P u r v es and G r i e s b a c h, namely into beta-cell stained with PAS only and delta-cell with G o m o r is aldehyde fuchsin as well as with PAS.
The former is dispersed in the central region of the anterior lobe, whereas the latter occupies the junctional zone of the anterior and intermediate lobes and is also found at the lower portion of the lobe and the upper region of the anterior lobe adjacent to the residual cleft. Basophiles which are largest in size among the pituitary cells vary in size ranging from 10 to 15 p and sometimes more. In these cells vacuolization is rarely observed. 1) Beta-cell ( Fig. 2 and 3 ) : The beta-cells are less numerous when compared with the delta-cells.
The beta-cells are large and angular in shape.
Surrounded by a distinct cell-border, dark blue cytoplasmic granules which are coarser than those of delta-cells are densely distributed in the cytoplasm. The nuclei of beta-cells show a dark cast, are usually smaller than those of delta-cells and are generally oval and elongated in form, but sometimes irregularly shaped or wrinkled.
2) Delta-cell ( Fig. 3) : The delta-cells show a relatively indistinct cell-border.
Though oval and polygonal cells are most frequently observed, they vary in shape.
Cytoplasmic granules stained with aniline blue of azan stain are fine and diffusely distributed throughout the cytoplasm in general, but in some places granulated cells are rarely observed.
The nuclei of delta-cells are round or oval in shape.
They contain a single large acidophilic nucleole and abundant dust-like or granular chromatin particles. Accordingly these nuclei appear to be light vesicular.
Rarely, wrinkled or indented nuclei are found.
III. Chromophobe Cell
Chromophobes are most numerous among the three cell types of the anterior lobe, and are distributed throughout the anterior lobe, especially in the central region and the upper portion of the anterior lobe adjacent to the residual cleft. Many of them show an indistinct cell boundary and vary in size ranging from 4 to 13 p, commonly 7 to 9 p. In general, the chromatin-network of the nuclei of chromo-phobes is coarser and thicker than in chromophiles, and their nuclei as a whole seem to be light vesicular.
Experimental Group
I. Acidophile Cell A slight decrease in number of acidophiles was observed on the first day and more 3 days.
During this period, partially granulated, well-granulated or vacuolated cells were not found in the specimens by any of the staining methods.
The distribution of small, medium sized and large acidophiles appeared normal, and it was impossible to find that a decrease in number of any type of these cells. And an increase in number of eosin or azocarmin positive granules did not occur generally in individual cells.
The nuclei of acidophiles were oval or round in shape, and indented or wrinkled ones were rarely found.
But pyknotic nuclei seemed to be slightly increased on the 3rd and the 4th day, when compared with normal mouse hypophysis (Fig. 4) . With respect to the "negative image " of the Golgi-apparatus and the perinuclear " halo " no change was observed. In general, it can be said that cytologically significant changes of acidophiles did not occur in this period.
On the 5th day and the 7th day, the slight decrease in number of acidophiles recovered to the normal level, and thereafter this value was maintained throughout this experiment.
Medium sized cells were fully granulated and showed round or oval light vesicular nuclei. Large acidophiles which were found in small numbers contained a round or oval, light vesicular nucleus and sparsely granulated cytoplasm.
In small cells which are more numerous than large cells, a round, dark nucleus and densely granulated narrow cytoplasmic band were observed. Vacuolization, degranulation or dense granulation in acidophiles did not occur. The " negative image" of Golgi-apparatus and the perinuclear " halo " were seen in medium sized cells and large cells in considerable numbers. These observations in acidophiles show that, cytologically, there was no marked difference between the cells of the heat stressed animals and those of normal animals (Fig. 5 ).
IL Basophile Cell
1) Beta-cell : Beta-cells could be clearly observed with Heide nh a i n's azan stain, periodic acid-Schiff reaction and G o m o r is aldehyde fuchsin stain.
At first to the 4th day, beta-cells showed no change in number with the exception of a few animals. But on the 5th day, beta-cells of mice exposed to heat showed a moderate decrease in number and then from the 9th day on, the same moderate decrease was maintained.
From the 20th day of this experiment they began to increase in number gradually, and from the 30th day on, beta-cells showed a significant augmentation in number when compared with the normal controls.
Thereafter, the number of beta-cells gradually decreased to approach the normal level.
On the 1st day partial degranulation of beta-cells was already observed in some cases (Fig. 6) These cells, moreover, contained an eccentrically situated dark nucleus and had an ill-defined cell border.
There was no difference in the structure of the nucleus and the "negative image" of the Golgi-apparatus, between normal and experimental animals exposed to heat for 20 days. On the 3rd and 4th days of this experiment, some cells contained an indented or wrinkled nucleus, though pyknotic nuclei were rarely observed (Fig. 7) . At this stage degranulation occurred diffusely in many beta-cells but in a few slightly.
Of course, these degranulated cells were more numerousely found than in the previous stage. Vacuolated cells were rarely observed at this stage, and thereafter these cells showed a slight increase in number.
Thus, with progress of this experiment degranulated beta-cells increased in number, and on the 5th to the 9th days, many degranulated cells were distributed throughout the anterior lobe (Fig. 8) , and some of the large beta-cells showed complete degranulation.
At this stage, cells with a pyknotic nucleus slightly increased and many of them were situated eccentrically in the cytoplasm of the large beta-cells (Fig. 9) .
In mice placed in the heat environment for 13 to 16 days degranulation of the cell reached a maximum level. This can be explained by the fact that some of the completely degranulated large beta-cells were intermingled with many degranulated cells to various degrees.
Vacuolization was found in the peripheral and perinuclear regions of the cytoplasm (Fig. 10) . Cells with the " negative image " of the Golgi-apparatus increased in number at this stage.
In the hypophysis of mice exposed to heat for 20 to 25 days, beta-cells began to show evidence of regranulation.
Large vacuolated cells intermingled with granulated cells throughout the anterior lobe somewhat decreased in number.
With significant increase in number of normal granulated cells, the small round or angular cells ( Fig. 11) were found in small numbers on the 30th to 35th day. These small cells which are full of aldehyde-fuchsin positive granules in the cytoplasm were distributed mainly at the anterior edge of the anterior lobe adjacent to the so-called "sex-zone ".
Regranulation of the beta-cells was demonstrated by the increase in number of these small well-granulated cells on the 40th to 46th day, but they slightly decreased in number from the 50th day to the end of this experiment.
These cells showed a clear cell border, but the "negative image " of the Golgi-apparatus was not recognized so clearly.
At the end of this experiment, after the 55th day, wellgranulated cells (Fig. 12) were found dispersedly in small number in the central portion of the anterior lobe.
2) Delta-cell : On the 1st day, delta-cells concentrated in the area adjacent to the intermediate lobe, especially at the anterior edge, showed a slight increase in number.
In many cells degranulation was observed.
Hence, the diffusely distributed cytoplasmic granules are less frequently seen when compared with normal cells. The " negative image" of the Golgi-apparatus and its dilatation were observed somewhat numerously. But vacuolization of the cytoplasm did not occur at this stage.
In the hypophysis of mice exposed to heat for 2 to 9 days, the number of delta-cells showed a slight increase when compared with that on the 1st day. In this period partially granulated and vacuol-.a,ted delta-cells were observed ( Fig. $ and 9 ). On the 2nd and 3rd days, large, round and partially degranulated delta-cells were frequently distributed throughout the anterior lobe, especially in the anterior edge. The vacuolization occurred not only in the peripheral cytoplasm but also in the perinuclear region.
The nuclei of large vacuolated cells were in general situated eccentrically in the cytoplasm and some of them were pyknotic and wrinkled. Small. wellgranulated cells ( Fig. 13) were found somewhat numerously among these large degranulated and vacuolated cells. From the 4th day on, the number of large vacuolated cells decreased gradually.
But large, round, partially granulated cells could be observed here and there and were intermingled with wellgranulated cells. On the 9th day and more about 3 days, large round cells showed evidence of reduction in number, but a little difference occurred in the degree of granularity in each cell, when compared with cases exposed to heat for 4 to 7 days ; namely partial granulation in the cytoplasm is more often observed throughout the lobe. Pyknotic nuclei were found somewhat numerously and in general small vacuolization was observed only in the perinuclear region ( Fig. 14) . At 12 to 18 days, the number of delta-cells began to decrease gradually and at 35 to 40 days they seemed to approach the normal level.
In the later period, well-granulated delta-cells were observed in large numbers and the vacuolated, partially granulated cells in small numbers ( Fig. 15 and 16 ). Polyhedral cells which are usual in normal control group were in this case frequently noticed.
It is conclitable that the large round -cells have been transformed into the polyhedral cells.
After the 40th day, delta-cells maintained fast normal level in number.
On the 40th to the 45th days, cytoplasmic vacuolization was rarely found.
In these periods, especially during the final 15 days, many cells showed diffuse granulation in the cytoplasm. They were generally oval or polyhedral in shape. The cellular border was relatively indistinct and the nuclear membrane was mostly strained.
III. Chromophobe cell
Chromophobes showed no change in number throughout the experimental period. Cytologically, in all pituitaries of the heat exposed group, a large, light staining nucleus was surrounded by a small amount of almost non-granular cytoplasm and the nucleus contained one or two intensely acidophilic nucleoli. Mitotic divisions and cells with an indented or wrinkled nucleus are rarely observed.
From these observations, it can be said that chromophobes showed no changes and so appeared normal except for the following.
In a few cases exposed to heat for 16 days or more, large chromophobes with a boundary slightly distinct when compared with ordinary chromophobes are observed. Their nuclei are larger and show a dark chromatin-network.
On the 26th and 30th days, cells with a pyknotic nucleus were seen.
Discussion
The In the present work basophiles showed significant changes throughout the whole period, though acidophiles and chromophobes appeared almost normal.
Regarding the progressive change in number of beta-cells three stages can be considered.
Namely, these are normal (1st to 4th day), decreased (5th to 16th day) and increased (20th to 60th day) number stages.
After the increased number stage, the beta-cells are found to return in number to the normal level. In the normal number stage, degranulation of beta-cells is already clearly observed but vacuolization and pyknosis of the nucleus are rarely found at the end of this stage.
In the decreased number stage, degranulated beta-cells significantly increase in number and the degree of granularity reaches a maximum.
However, vacuolated beta-cells with a pyknotic nucleus slightly increase in number.
In the increased number stage, with decrease of degranulated beta-cells, wellgranulated cells significantly increased in number. At the same time, small, round or angular, well-granulated cells were found in small numbers.
These cells gradually increased in number, but at the end of this work somewhat decreased.
Probably the anterior hypophysis shows adaptation to the stress at the end of this experiment.
Thus, the number of beta-cells showed almost a normal value. It is reasonable that the high temperature to which the mice were exposed in this work causes hypofunction of the thyroid gland. S e 1 y e ('47) demonstrated that the thyroid may display signs of atrophy by stress. Dempsey and Searles ('43), studying the changes in various endocrine glands of rats exposed to 95°F for 32 days, postulated that the thyroid shows histologic evidence of colloid storage, and follicle cells become flattened.
They concluded that exposure to heat induces a decrease in thyrotropin production. These atrophic signs in the thyroid glands, as Sel ye ('47) stated, may depend upon rather a disturbance in metabolism due to heat than stress itself. Adams ('46) has summarized the opinions for the source of thyrotropin in the anterior hypophysis. Recent results of many works tend to support the view that the " basophile " cells are the source of thyrotropic hormone secretion. Sever i n g h a u s ('37), Giroud and Martinet ('48), Salter ('50), Goldberg and Chaikof f ('51), Purves and Griesbach ('51), Halmi ('52), R e n n e l s ('53), and Phillips and K 1 a a r ('57) came to a similar conclusion that the source of thyrotropic hormone is the " basophils 7'. Already in 1941 G r i e s b a c h suggested that vacuolated basophils of the rat with decreased thyroidal function would show the source of thyrotropic hormone production.
Then, G r i e s b a c h and P u r v e s ('45) showed a correlation to exist between increase in number and size of basophils and thyrotropin secretion. In 1946 they reported that acidophile cell degranulation which followed thyroidectomy is due to a failure of hypophyseal function in the complete absence of thyroxine..
The results of their investigations ('43, '46a, '46b, '51a and '51b) regarding a thyrotropic hormone producer in the anterior hypophysis, favored the opinion that basophils are the source of thyrotropin.
P u r v es and G r i e s b a c h ('51a and '51b), regarded the hyperplastic and vacuolated basophils which are called thyroidectomy cells seen in hypothyroid states as " thyrotrophs " which have lost most of their PAS-reactive material, and they concluded that these polyhedral cells which occupy the central region of the anterior lobe are responsible for the production of thyrotropin.
H a l m i ('50) stated that the elongated or spherical, poorly granulated and sometimes vacuolated beta-cells seen in cases, of mild hypothyroidism are cells which store less thyrotropin.
He ('50) suggested, moreover, in the rat that the aldehyde-fuchsin positive material of beta-cells is very likely thyrotropin.
However, regarding the thyrotropic hormone producer, several different interpretations can be mentioned. Scharf and Forster ('54) assigned thyrotropin secretion to chromophobes and Franck ('37) to both chromophils, while Forster ('52) believed basophils and chromophobes to be the site of thyrotropic hormone production. Zeck wer et al ('35) In recent years, J u b b and McEntee ('55), K n i g g e ('55), S e r b e r ('58) and El f t m an ('58) came to the the conclusion that beta-cells are the source of thyrotropin, and P u r v es and G r i e s b a c h ('56) confirmed this by using G o m o r is aldehyde-fuchsin staining method. After all, it is possible to conclude that beta-cells are homologous with thyrotrophs as postulated by Purves and Griesbach. The results in this work showed progressive specific changes in beta-cells of the anterior hypophysis of the mice. These progressive cytological -hanges suggest the progress of release and storage of a 220 Kazuro Fujino thyrotropic hormone.
Comparing with the general adaptation syndrome in a broad sense, the normal number stage and decreased number stage may correspond with the stage of alarm reaction, and increased number stage to the stage of resistance.
Regranulation of beta-cells seen in this work is considered to be an indication of storage of thyrotropin.
It would seem that the secretion of thyrotropin occurred so intensely that its storage was necessary for maintaining the decreasing thyroidal function at a constant level.
Therefore, the regranulation phenomenon may be regarded to be a significant indication that the animal shows evidence of adaptation to stress after 20 days heat exposure . However, considering the results that increase in number of well regranulated beta-cells stopped after the 50th day and these cells were found in small numbers at the end of this work, it may be suggested that the beta-cells on about the 20th to 30th days showed evidence of excessive adaptation.
Thereafter, the animal would be able to obtain exact adaptation in the secretion of thyrotropin under high environmental temperatures.
Dempsey and Searles ('43) observed that the ovaries of rats placed in a hot box at a temperature of 95°F for 32 days appeared normal and contained newly formed corpora lutea . From this fact, they concluded that exposure to heat did not effect the gonadotropic potency of the anterior hypophysis . However, a quantitative changes in the hypophyseal hormone is not always necessarily a pathologic phenomenon, since content of the hormone can be elicited by mild exposure to stress. S e 1 y e ('36, '37, '39 and '40) stated that during emergency more corticotropin and less gonadotropin are produced in the hypophysis than under normal conditions, and that the sex organs , therefore, undergo atrophy during the general adaptation syndrome . In severe stress, an abundant supply of corticotropin is more necessary for life maintainence than the preservation of normal sex function. This is called " shift phenomenon " in pituitary hormone production which necessitates a decreased secretion of other hypophyseal hormones in order to permit maximal corticotropin elaboration (S e 1 y e and Coll i p '36). This view has been supported by Mel 1 g r en In this report these hyperfunctional changes are described as an indirect reaction which occurred after castration, so that the basophils are essentially associated with secretion of gonadotropin. It is possible, at any rate, to say that P u r v e s and G r i e s b a c h ('52, '54, '55 and '57) and Hal m i ('50 and '52) have established the cellular source of gonodotropin. Recently, R ennels ('57) and H i de h a n d, R e n n e l s and F i n e r t y ('57) have supported this opinion regarding the source of gonadotropin. In the present work delta-cells increased in number from the 1st day, and its vaules reached a maximum at about the 9th day. These delta-cells, however, began to decrease gradually, and from about the 40th day on they maintained almost a normal level. The increase in number of delta-cells, especially for about 9 days from the onset of this work is probably concerned with the quantitative changes in gonadotropin. It may be considered that these increased delta-cells are in a storage phase. Accordingly, delta-cells showing such changes in number may be in a functionally passive phase and therefore it is presumed that mice under the heat treatment are reduced in gonadotropic potency. This supports the " shift phenomenon " . The elaboration of corticotropin, as described above, occurs under conditions of non-specific stress.
Although the cellular source of corticotropin is a problem of major interest, there is no agreement as to the pituitary cell type responsible for its elaboration.
Some studies ascribed its secretion to acidophils and some to basophils. Previously many investigators ascribed the secretion of corticotropin to basophils of the hypophysis in pathologic materials.
In Namely : 1) Although acidophils may show a marked degeneration or diminution in the anterior hypophysis of the rat exposed to severe stress i n e r t y et al '52), there was no significant change in the percentage of acidophils in their experiments.
2) The anterior pituitary of the thyroidectomized rat contains a normal amount of corticotropin (H al m i and Bog d a n o v e '51a), even though thyroid ablation results in a severe degranulation of acidophils (S ever in gh a u s '39). Baillif ('38), studying the hypophyses of rats exposed to cold, stated that severely degranulated and small vacuolated alpha-cells were observed and that beta-cells were also found to increase in size and to acquire vacuolated cytoplasm. Rees e, K one f f and A k i m o t o ('39) also found a diminution in number and size of both acidophils and basophils in adrenalectomized rats. Recently, Field ('58) in a study of the anterior hypophysis of rats following bilateral adrenal ablation, and T o m o n a r i ('57), studying the hypophysis of adrenalectomized rats, cold stressed rats and rats given corticotropin, hydrocortisone and DOCA came to similar results. Y a ma d a, U k e i and O k a y a ma ('56) showed a diminution of ribonucleic acid in acidophils and chromophobes of the adrenalectomized mice, and in this report it was stated that these changes taking place in acidophils and chromophobes may depend upon an indirect reaction of adrenalectomy. S a n o ('56) of our laboratory suggested that hyperfunctional changes in delta-cells of mice following pituitrin administration are correlated with secretion of corticotropin.
As described above, the hyperfunctional changes of beta-cells in the present work suggest apparently quantitative variation of thyrotropin in the anterior hypophysis, and the hypofunctional changes which occur in delta-cells may be associated with reduction of gonadal potency.
Next, the question remains what kind of cell type in the anterior hypophysis is really associated with secretion of corticotropin.
There Kazuro Fujino is a drop in the transient pituitary corticotropin content during the first 24 hours after adrenalectomy (S a y e r s and Cheng '49), and thus, hyperfunction of the corticotropin secretory cell may occur within 24 hours after exposure to severe stress.
The stage of alarm reaction, in other words, should be observed within 24 hours, and therefore, the cellular changes on the 1st day and more days of the present work may correspond to the stage of resistance.
Various cytological changes in the beta-cells considered to show hyperfunction were observed only after the 4th day of this work, and acidophils and chromophobes did not show any significant change throughout the whole period. Accordingly, both of these cells may have no intimate relationship with secretion of corticotropin, whereas, delta-cells showed significant changes, especially in number after the 1st day, and the increase in number of delta-cells may be equivalent to the stage of alarm.
Therefore, it is assumable that delta-cells may be responsible for corticotropin
elaboration. An opinion that corticotropin in the anterior hypophysis is not associated with delta-granules was postulated by Halm i et al ('51) . No parallelism was observed between corticotropin content and the amount of delta-granules in the anterior hypophyses of rats (H a 1 m and B o g a d o n o v '51b). There was no change which could have been correlated with diminished corticotropin output in pituitaries of cortisone treated rats (H a l m i and Bark e r '52).
However, as has been described by S a n o ('56), it is natural that the amount of delta-granules is not so correlated with corticotropin in the anterior hypophysis.
It is the reason why 1) the granules of basophils are not a definite hormone by itself but presumably a precursor of the hormone, and 2) the number of basophils or the state of basophilic granules at a certain moment is controlled by two factors ; i. e. release and formation of the hormone (S a y e r s and Cheng '49), and 3) the pituitary corticotropin content which can be appreciated by a bioassay method should include the hormone present not only intracellulary but also extracellulary. Accordingly, it may not be right to conclude that corticotropin content in the anterior hypophysis is not associated with delta-granules, even though the amount of delta-granules is not correlated with the pituitary corticotropin content. It can be presumed that the variation of corticotropin content in the anterior hypophysis of animals exposed to severe stress may occur in accordance with each stage of general adaptation syndrome. The presumption is endorsed by the following facts.
In S e 1 y e's alarm stage, pituitary corticotropin content showed a marked reduction (S a y e r s and C h e n g '49 and G e m z el et al '51), whereas in the stage of resistance there is an increase of pituitary corticotropin (G e m z el et al '51) and augmentation of basophile cell counts (S e 1 y e '36 and Oka '37).
On the 1st day of this work delta-cells slightly increased in number, and after the 2nd day the number gradually increased till about the 9th day. In the hypophyses of the mice exposed to heat for 2 to 9 days, large round and partially granulated cells were distributed, and cytoplasmic vacuolization occurred in some deltacells. These cellular changes may show the presence of hypersecreton of corticotropic hormone.
It is presumed that this stadium corresponds to the stage of resistance, and that the 1st day coincides with a transitional period leading to the stage of resistance. On the 12th day and more 18 days, the number of delta-cells decreased gradually.
In this period well-granulated cells are observed in large numbers, whereas vacuolated and partially granulated cells are found in small numbers.
Well-granulation may manifest storage of corticotropin as a result of over-production of the hormone. This stadium may correspond with a transitional period from the stage of resistance to that of adaptation.
After about the 55th day, delta-cells appeared to maintain the normal value in number, and therefore in this stage it is, regarding the hypophyseal-adrenal axis, assumed that the mice exposed to heat acquire adaptability.
From these results it may be advocated that delta-cells may be more closely connected with secretion of corticotropin than any other cell type of the anterior hypophysis.
There was no significant change in acidophils, though a very slight decrease in number was observed on the 1st day and more 3 days exposed to heat.
Acidophils are associated with secretion of growth hormone which has an intimate relationship with metabolism, and therefore, this numerical change may depend upon the disturbance in metabolism occurring under the condition of stress.
Regarding the relationship between chromophils and chromophobes in the anterior hypophysis, three hypothesis have been advocated. Saint R em y (1892), Benda ('00), S t en d el ('14), Collin ('24a and '24b), Fr a n c k ('35a, 35b and '35c) and S u s m a n ('35) postulated unitalism.
According to them three cell types of the anterior hypophysis represent merely various phases of secretory activity. Sever i n g haus ('32, '33, '35, '37 and '39) and Yamada ('34, '37a, '37b and '43) interpreted a dualism that two chromophile types originate separately from chromophobes. At the same time, they denied G emel 1 is opinion ('07) that acidophils can be transformed to basophils through a transitional form.
Se v e r i n g h a us ('32, '33 and '35) , studying
Golgi-appratus and nucleus of three cell types in the anterior hypophyses, discovered that chromophobes are progenitors of distinct and divergent chromophilic cell types. These investigations present evidence of dualism.
On the other hand, R o m e i s ('40) advocated a pluralism.
According to him, 5 cell-types (a, g, r, d and e cell) of the anterior pituitary have respectively independent functions. In the present work, a numerical change in chromophobes was not found throughout the whole period. As a matter of fact, basophils showed significant change in number, though the number of acidophils maintained almost the normal value throughout the whole period of this work. On referring to the above dualism, the chromophobes in the anterior hypophysis should show a numerical change in proportion to that of basophils, even though the percentage of basophils in the anterior pituitary cells is very low.
In spite of the author's failure to do so, the numerical change in chromophobes should occur in this experiment, because there was evidence in support of this presumption, for in a few mice exposed to heat for 16 days and more, large chromophobes which are presumed to be complete degranulated beta-cells were found.
Summary
A cytological study was made of the anterior hypophysis of mice placed in a hot box at temperatures of 34° to 38°C for a period of 1 to 65 days.
1. Marked cytological changes in acidophils were not found throughout the whole period of this work. 2. Two types of basophils showed apparently significant cytological changes.
The number of beta-cells showed a normal value on the 1st to 4th days of this work, a moderate decrease on the 5th to 16th days and increase on the 20th to 60th days. At the end of this work, the beta-cells appeared to approach the normal level. Degranulation and vacuolization of the cytoplasm occurred through- The pituitary in experimental cretinism ; structural changes in the pituitaries of thyroidectomized rats. Am. J. Med. Sci., 190, 145, 1935 . is angular in shape. Dark blue cytoplasmic granules are densely distributed in the cytoplasm. Zenker-formol fixation. Gomori's aldehyde fuchsin stain. x1000. Fig. 3 . Pituitary of a 67 days old male mouse of normal control group. Delta-and Beta cells are seen. Cytoplasmic granules of the delta-cells are diffusely distributed throughout the cytoplasm. Zenker-formol fixation. PAS reaction. x1000. Fig. 4 . Pituitary of a 65 days old male mouse on the 3rd day of the experiment.
Several acidophils with pyknotic nuclei are seen. Zenker-formol fixation. Hematoxylin-eosin stain. x 1000. Fig. 5 . Pituitary of a 101 days old male mouse on the 40th day of the experiment.
Acidophils appeared normal except for a few of them with pyknotic nuclei. Zenker-formol fixation. Hematoxylin-eosin stain. x 1000. Fig. 6 . Pituitary of a 62 days old male mouse on the 1st day of the experiment.
Partial degranulation of a beta-cell is observed. Zenker-formol fixation. Gomori's aldehyde fuchsin stain. x1000. Fig. 7 . Pituitary of a 70 days old male mouse on the 4th day of the experiment.
The nucleus of a beta-cell is pyknotic. Zenker-formol fixation. Gomori's aldehyde fuchsin stain. x 1000. Fig. 8 . Pituitary of a 72 days old male mouse on the 5th day of the experiment.
There are observed partially degranulated beta-and delta-cells. Zenkerformol fixation. PAS reaction. x 1000. Fig. 9 . Pituitary of a 68 days old male mouse on the 7th day of the experiment.
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The beta-cell with a pyknotic nucleus shows partial degranulation. The nucleus is situated eccentrically in the cytoplasm. And there are observed partial granulation and peripheral vacuolization in a delta-cell. Zenkerformal.
PAS reaction. x 1000. Fig. 10 . Pituitary of a 79 days old male mouse on the 16th day of the experiment.
Vacuoles are found in the cytoplasm of a beta-cell. Zenker-formol fixation. Gomori's aldehyde fuchsin stain. x1000. Fig. 11 . Pituitary of a 100 days old male mouse on the 35th day of the experiment.
An angular beta-cell is well granulated. Zenker-formol fixation. Gomori's aldehyde fuchsin stain. x 1000. Fig. 12 . Pituitary of a 121 days old male mouse on the 55th day of the experiment.
There are observed well-granulated beta-and delta-cells. Zenker-formol fixation.
PAS reaction. x 1000. Fig. 13 . Pituitary of a 75 days old male mouse on the 3rd day of the experiment.
small well-granulated delta-cells are found. Zenker-formol fixation. Gomori's aldehyde fuchsin stain. x1000. Fig. 14. Pituitary of a 73 days old male mouse on the 12th day of the experiment.
Vacuolization is observed in the perinuclear region of a delta-cell. A partial degranulated beta-cell is also seen. Zenker-formol fixation. PAS reaction. x1000. Fig. 15 . Pituitary of a 86 days old male mouse on the 30th day of the experiment .
Well-granulated beta-and delta-cells are observed. Zenker-formol fixation. PAS reaction. x1000. Fig. 16 . Pituitary of a 125 days old male mouse on the 46th day of the experiment.
Well-granulated basophils are seen in several numbers. Zenker-formol. PAS reaction.
x1000.
